Drought indices have been widely used in climate classification. However, there is not 17 enough evidence for their ability in identifying the multiple climate types in areas with complex 18 topography and landscape, especially in those areas with a transition climate. This study 19 compares a meteorological drought index, the aridity index (AI) defined as the ratio of 20 precipitation (P) to potential evapotranspiration (PET), with a hydrological drought index, the 21 evaporative stress index (ESI) defined as the ratio of actual evapotranspiration (AET) to PET. We 22 conducted this study using modeled high resolution climate data for period of 1980-2010 in the 23 Heihe River Basin (HRB) in the arid northwestern China. PET was estimated using the Penman- 24 Monteith and Hamon methods. The climate classified by AI shows two distinct climate types for 25 the upper and the middle and lower basin reaches, while three types were found if ESI was used. 26 This difference indicates that only ESI is able to identify a transition climate zone in the middle 27 basin. This contrast between the two indices is also seen in the inter-annual variability and 28 extreme dry / wet events. The magnitude of variability in the middle basin is close to that in the 29 lower basin for AI, but different for ESI. AI has larger magnitude of the relative inter-annual 30 variability and greater decreasing rate from 1980-2010 than ESI, suggesting the role of local 31 hydrological processes in moderating extreme climate events. Thus, the hydrological drought 32 index is better than the meteorological drought index for climate classification in the arid Heihe 33 River Basin where local climate is largely determined by topography and landscape. We 34 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.conclude that the land-surface processes and human disturbances play an important role in 35 altering hydrological drought conditions and their spatial and temporal variability.
The meteorological drought index is defined as AI = P / PET, where P and PET are daily 143 precipitation and potential evapotranspiration, respectively. AI is a variant of the index 144 originally defined by Budyko (1974) , which is the ratio of annual PET to P. The average AI 145 values were used to classify the arid, semi-arid, semi-humid (sub-humid), and humid climate 146 with the ranges of AI ≤ 0.2, 0.2 <AI ≤ 0.5, 0.5 < AI ≤1.3, and AI > 1.3, respectively (Ponce et 147 al., 2000) . 148 The hydrological drought index is defined as ESI = AET / PET, where AET is daily actual 149 evapotranspiration. The ranges of average ESI values of ESI ≤ 0.1, 0.1 < ESI≤ 0.3, 0.3 < ESI 150 ≤ 0.6, and ESI > 0.6 were used to classify the arid, semi-arid, semi-humid, and humid climate, 151 respectively (Yang, 2007) . This approach agrees with Anderson (2011), which showed that 152 the ESI values varying gradually from 0 to 1 correspond to several USDM drought levels 153 from exceptional to no drought for each month from April to September across the 154 continental U.S.
155
Two methods were used to estimate PET (mm/d). One was the energy balance based (1) 158 where and G are net radiation and soil flux on the ground (MJm -2 d -1 ); T is air temperature 159 ( o C); e s and e are saturation and actual water vapor pressure (kPa); u 2 is wind speed at 2m 160 above the ground (ms -1 ); Δ is the rate of change of e s with respect to T (kPa/ o C); γ is the where P is larger than at the valley locations.
227
The simulated P increases around 50% over the simulation period, statistically significant 228 at p<0.01in all basin reaches (Table S1 ). The simulated AET also increases, but at a smaller basin. The hydrological drought index, ESI, has the same gradient as AI, but with different 241 spatial pattern ( Fig. 4) . It is as high as 0.9 in the upper basin and reduced to mostly below 0.1 242 in the lower basin. However, the values in the middle basin is as high as 0.6, much larger 243 than that in the lower basin. PET calculated using the Hamon method has the same pattern as the one using the 259 Penman-Monteith method, but with smaller magnitude (Fig. 5) . PET is mostly about 1 mm/d 260 in the upper basin and increases to about 1.5-1.75 mm/d in the middle basin, and further to 261 1.75-2.25 mm/d in the lower basin.
262
The different spatial patterns between AI and ESI seen above are also found for the Homan 263 method. AI is mostly above 0.6 in the upper basin (Fig. 6) . It is below 0.2 in the middle and 264 lower basins without apparent differences between the two regions. In contrast, while ESI 265 remains large values of mostly above 0.9 in the upper basin and low values of below 0.2 in 266 the lower basin, the values in many areas of the middle basin are 0.4-0.9, much different 267 from those in the lower basin (Fig. 7) . The seasonal AI and ESI cycles are related to those of the meteorological and 320 hydrological conditions. T, P and AET (Fig. S4) , and PET (Fig. 8) all increase from winter to 321 summer. In the upper basin, the increases in P and AET from spring / fall to summer are 322 larger than the corresponding increases in PET, leading to larger AI and ESI values in 323 summer. In the middle as well as lower basin, however, PET increases substantially from 324 spring / fall, leading to smaller AI and ESI in summer than in spring / fall. annual variability over the period of 1980-2010 to that in the lower basin, but much different 334 from that in the upper basin (Fig. 9 ). The standard deviation (SD) increases from the upper 335 (0.12) to middle (0.21) and to lower basin (0.29) ( (the ratio of the standard deviation to the average), a statistical property often used to 337 measure relative variability intensity, however, is comparative among the reaches. The SD values of both AI and ESI decrease from the upper to middle and to lower basin.
345
However, SD of AI (ESI) in the middle basin is much closer to that in the lower (upper) basin.
346
The CV values have opposite gradient to SD, increasing from the upper to middle and to 347 lower basin. In addition, CV differs mainly not between the basin reaches but between 348 drought indices: AI is larger than ESI. The drought indices for 4 simulated dry years (1982, 1990, 2001, and 2008) and 4 wet years 362 (1981 ( , 1989 ( , 2002 ( , and 2007 and the averages over the dry or wet years (Fig. 10) 363 were analyzed. The annual AI values using the Penman-Monteith method are 0.4-0.5 for the 364 first two dry years and 0.7-1.0 for the last two years in the upper valley (Fig. 10 ). The about 0.2 in the middle and below 0.1 in the lower basin for individual dry years and average.
376
Thus, the values are apparently different between the middle and lower basin reaches. This is 377 another difference from AI. The lowest values mostly occur in summer in both basin reaches.
378
In compassion, the annual values are 0. 1982, 1990, 2001, 2008 (top) and (bottom). The HRB is a typical inland river basin with a strong contrast in topography, landscape, 396 climate, and human activities from the headwater to end point along its drainage system. The the middle and lower HRB regions when the AI was used. The comparison results from this 457 study therefore suggest that only ESI is able to identify a transition climate zone between the 458 relatively humid climate in the mountains and the arid climate in the Gobi desert region. We 459 conclude that the hydrological drought index ESI is a better index than the meteorological 460 drought index AI for aridity classification in the HRB with a complex topography and land 461 cover. Selection of the most appropriate drought index facilitates drought characterization, 462 drought assessment and risk mitigation, and water resources management in the arid region. 
